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(57) ABSTRACT 

According to one embodiment, an acoustic apparatus com 
prises an electro-acoustic transducer with a ?rst function of 
converting an electric signal to an acoustic signal and a sec 
ond function of converting an acoustic signal to an electric 
signal, the electro-acoustic transducer con?gured to convert a 
measuring electric signal to a measuring acoustic signal using 
the ?rst function, and to convert an acoustic response signal 
responding to the measuring acoustic signal from an object to 
an electric response signal using the second function, a switch 
con?gured to switch the ?rst function to the second function, 
or vice versa, and a switch controller con?gured to control a 
function switching of the switch in accordance with a sound 
source signal. 

9 Claims, 6 Drawing Sheets 
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ACOUSTIC APPARATUS AND METHOD OF 
CONTROLLING AN ACOUSTIC APPARATUS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is based upon and claims the bene?t of 
priority from Japanese Patent Application No. 2008-313584, 
?led Dec. 9, 2008, the entire contents of Which are incorpo 
rated herein by reference. 

BACKGROUND 

1. Field 
One embodiment of the invention relates to an acoustic 

apparatus and a method of controlling an acoustic apparatus. 
2. Description of the Related Art 
While listening to music through an earphone or a head 

phone (hereinafter, generally called “earphone”), a person 
may hear unnatural sound When the ear canal is plugged With 
the earphone, causing resonance betWeen the eardrums and 
the earphone. It is therefore desired to measure the resonance 
characteristics of the ear canal and to correct the resonance 
characteristics before a sound-source signal is supplied to the 
earphone. 

The shapes and acoustic transmission characteristic of ear 
canal, and the physical properties and acoustic transmission 
characteristic of eardrums differ from person to person. Fur 
ther, the resonance in either ear canal changes in accordance 
With the type of the earphone and the state in Which the 
earphone is held in the ear canal. Hence, the resonance char 
acteristics of the ear canal of each listener must be corrected 
in order to achieve accurate correction of the resonance in the 
ear canal. 

Jpn. Pat. Appln. KOKAI Publication No. 9-187093 dis 
closes an acoustic playback apparatus (see paragraphs 
[0034], [0035] and [0036]). In this apparatus, a headphone 
having a unit composed of a speaker and a microphone gen 
erates and collects an audio signal sound, and the resonance 
frequency of the user’s ear is measured. Based on the reso 
nance frequency measured, the output level of the component 
of the audio signal that has the resonance frequency is loW 
ered to a predetermined level. 

The acoustic playback apparatus disclosed in the above 
identi?ed publication necessitates use of a headphone (ear 
phone) having a unit composed of a speaker and a micro 
phone. Inevitably, the headphone may be not only large, but 
also complex in structure. Further, the manufacturing cost of 
the headphone is high because the earphone includes a micro 
phone. Still further, the timing of acquiring a response signal 
to the audio signal sound generated must be more accurately 
controlled than otherWise. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

A general architecture that implements the various feature 
of the invention Will noW be described With reference to the 
draWings. The draWings and the associated descriptions are 
provided to illustrate embodiments of the invention and not to 
limit the scope of the invention. 

FIG. 1 is an exemplary diagram shoWing the concept of 
measuring and correcting acoustic transmission characteris 
tics in an embodiment of the present invention; 

FIG. 2 is an exemplary diagram shoWing an exemplary 
con?guration of an acoustic characteristic correcting module 
40 according to the embodiment of this invention; 
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2 
FIG. 3 is an exemplary diagram shoWing an exemplary 

con?guration of the sWitching module 44 in the acoustic 
characteristic correcting module 40 according to the embodi 
ment of the invention; 

FIG. 4 is an exemplary timing chart explaining hoW to 
measure resonance characteristics; 

FIG. 5 is an exemplary ?oWchart explaining hoW a control 
ler 46 in the acoustic characteristic correcting module 40 
according to the embodiment of the invention; 

FIG. 6 is an exemplary diagram shoWing an exemplary use 
of the acoustic characteristic correcting module 40 according 
to the embodiment of the invention; and 

FIG. 7 is an exemplary diagram shoWing an exemplary 
operation menu displayed on a display screen, prompting the 
listener to determine Whether resonance characteristics 
should be measured. 

DETAILED DESCRIPTION 

Various embodiments according to the invention Will be 
described hereinafter With reference to the accompanying 
draWings. In general, according to one embodiment of the 
invention, an acoustic apparatus comprises an electro-acous 
tic transducer con?gured to be held to an object and having a 
?rst function of converting an electric signal to an acoustic 
signal and a second function of converting an acoustic signal 
to an electric signal, the electro-acoustic transducer con?g 
ured to convert a measuring electric signal to a measuring 
acoustic signal using the ?rst function, and to convert an 
acoustic response signal responding to the measuring acous 
tic signal from the object to an electric response signal using 
the second function; a sWitch con?gured to sWitch the ?rst 
function to the second function, or vice versa; and a sWitch 
controller con?gured to control a function sWitching of the 
sWitch in accordance With a sound source signal of at least one 
of channels Which are input to the sWitch. 

FIG. 1 is a diagram shoWing the concept of measuring and 
correcting acoustic transmission characteristics in an acoustic 
apparatus that is an embodiment of the present invention. 
Resonance characteristics of the ear canal are measured and 
corrected, as acoustic transmission characteristics, as Will be 
explained beloW. An earphone 20R closes one end of the ear 
canal 62R of the right ear of a listener 60. An earphone 20L 
closes one end of the ear canal 62L of the left ear of the 
listener 60. The listener 60 has an eardrum 64R in the other 
end of the ear canal 62R of the right ear, and has an eardrum 
64L in the other end of the ear canal 62L of the left ear. 
Headphones may be used in place of the earphones. Herein 
after, devices that have the function of converting acoustic 
signals to electric signals, such as earphone and headphone, 
Will be generically called “earphones.” 

The ear canal 62R is closed With the earphone 20R, and the 
ear canal 62L is closed With the earphone 20L. The acoustic 
signals supplied from the earphones 20L and 20R travel 
through the ear canals 62L and 62R, respectively, reaching 
the ear drums 64L and 64R, respectively. At this point, a 
phenomenon occurs, Which is knoWn as resonance. 
The acoustic characteristic correcting module 40 is 

arranged outside the ear canals 62L and 62R and is electri 
cally connected to the earphones 20L and 20R. The acoustic 
characteristic correcting module 40 detects frequency char 
acteristics of the left and right ears of the listener 60 and 
corrects the frequency characteristics of sound source signals 
that should be supplied to the listener 60 (in order to loWer the 
gain of resonance frequencies). The characteristics of the left 
and right ear canals 62L and 62R are different from each 
other. Accordingly, the left and right earphones 20L and 20R 
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are connected to the acoustic characteristic correcting module 
40 so that the resonance characteristics of the left and right ear 
canals are corrected. 

The acoustic characteristics correcting module 40 may be 
connected to, or incorporated in, an external apparatus that 
has an audio playback function, such as a personal computer 
(PC), a music player and an optical-disk player. 

FIG. 2 is a diagram that shoWs an exemplary con?guration 
of the acoustic characteristic correcting module 40 according 
to the embodiment of the present invention. The acoustic 
characteristic correcting module 40 includes a correcting 
module 70, a correction-value calculating module 80, an 
acoustic signal controlling module 42, a controller 46, and a 
sWitching module 44. 
The controller 46 has a memory or can access to an external 

memory. Executing the programs stored in the memory, the 
controller 46 controls the other components of the acoustic 
characteristic correcting module 40. To measure the charac 
teristics of the ear canals 62L and 62R of the listener 60, the 
controller 46 sets the acoustic-signal controlling module 42 
and the sWitching module 44 to a measurement mode. If the 
resonance characteristics of the ear canals 62L and 62R are 
acquired in the measurement mode, the acoustic-signal con 
trolling module 42 and the sWitching module 44 are set to a 
correction mode. 
As shoWn in FIG. 2, the controller 46 is provided in the 

acoustic characteristic correcting module 40. Nonetheless, 
the controller 46 may be provided outside the acoustic char 
acteristic correcting module 40. If the acoustic characteristic 
correcting module 40 is connected to, for example, an exter 
nal apparatus, the controller 46 may be provided in the exter 
nal apparatus. In this case, the processor incorporated in the 
external apparatus may execute the programs stored in the 
memory the external apparatus has, to control the acoustic 
characteristic correcting module 40. Alternatively, the pro 
cessor incorporated in the external apparatus may control the 
operation of the controller 46 in the acoustic characteristic 
correcting module 40. 

The correcting module 70 receives a sound source signal 
that the listener 60 may hear. The correcting module 70 com 
prises a correction ?lter 72 and a measuring-signal generating 
module 74. The measuring-signal generating module 74 gen 
erates measuring signals that are used to measure the reso 
nance characteristics (resonance frequencies) of the ear 
canal. The measuring signals are, for example a unit pulse or 
time stretched pulses (TSP) having a Width falling Within a 
predetermined range. The correction ?lter 72 corrects the 
sound source signal on the basis of the resonance character 
istics measured of the ear canals 62L and 62R. While the 
module 40 remains in measurement mode, the measuring 
signal generating module 74 generates a measuring signal, 
Which is supplied, as sound source signal, to the acoustic 
signal controlling module 42. While the module 40 remains in 
correction mode, the sound source signal input to the correct 
ing module 70 is corrected by the correction ?lter 72. The 
sound source signal, thus corrected, is output to the acoustic 
signal controlling module 42. The sound source signal output 
as an electric signal from the correcting module 70 has a 
plurality of channels, including a left channel and a right 
channel, Which are input to the earphones 20L and 20R, 
respectively. These channels are synchroniZed in the sound 
source signal. 
The earphones 20L and 20R are electrically connected to 

the sWitching module 44. The sound source signal output 
from the acoustic-signal controlling module 42 is output via 
the sWitching module 44 to the earphones 20L and 20R. The 
earphones 20L and 20R convert the sound source signal, i.e., 
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4 
electric signal, to an acoustic signal. The acoustic signal is 
applied to the ear canals 62L and 62L of the listener 60. 
Hence, as long as the module 40 remains in the measurement 
mode, the measuring signal generated by the measuring-sig 
nal generating module 74 is supplied to the earphone 20L or 
the earphone 20R through the sWitching module 44. 

In the measurement mode, the measuring signal, i.e., 
acoustic signal applied to the earphones 20L and 20R, is 
re?ected by the eardrums 64L and 64R. The acoustic signals 
re?ected by the eardrums 64L and 64R, respectively, are 
converted by the earphones 20L and 20R to electric signals 
(response signals). Each of the response signals is input to the 
acoustic-signal controlling module 42 through the sWitching 
module 44. That is, the earphones 20L and 20R perform a 
microphone function, each converting an acoustic signal to an 
electric signal. 
The correction-value calculating module 80 receives the 

response signal via the acoustic-signal controlling module 
42. The correction-value calculating module 80 includes a 
characteristic acquiring module 82 and a correction coe?i 
cient calculating module 84. The characteristic acquiring 
module 82 acquires the resonance characteristic (resonance 
frequency) of the ear canals 62L or 62R from the response 
signal received. The correction coef?cient calculating mod 
ule 84 calculates the correction coe?icient of the correction 
?lter 72 from the resonance characteristic the characteristic 
acquiring module 82 has acquired. Once the correction coef 
?cient thus calculated has been set to the correction ?lter 72, 
the sound source signal is corrected in the correction mode, 
on the basis of the acoustic characteristics of the listener 60. 
The sound source signal thus corrected is output to the ear 
phones 20L and 20R through the acoustic-signal controlling 
module 42 and sWitching module 44. 
As described above, the earphones 20L and 20R function 

not only as earphones, but also as microphones, in the mea 
surement mode. That is, they perform the earphone function, 
applying the measuring signal to the ear canal (?rst state), and 
perform the microphone function, acquiring the Waves 
re?ected from the ear canal (second state). The timing of 
sWitching the earphone function to the microphone function, 
or vice versa, must be accurate enough, and performed fast 
enough, to detect the re?ected Waves Well. 

It is dif?cult for the softWare process performed by the 
controller 46 to accurately control the timing of sWitching the 
function. Outputting of signals exactly at a desired timing 
cannot be ensured, particularly in any apparatus that performs 
a complex process such as multithread. 

In the present embodiment, at least one channel of the 
sound source signal is used to sWitch the function from the 
earphone function (?rst sate) to the microphone function 
(second state), or vice versa. FIG. 3 is a diagram shoWing an 
exemplary con?guration the sWitching module 44 may have 
in the present embodiment. 
The sWitching module 44 has an input/output terminal 131, 

to Which a mode sWitching signal is supplied from the con 
troller 46. If the mode sWitching signal is at a high level (:1), 
the sWitching module 44 is set to the measurement mode. On 
the other hand, if the mode sWitching signal is at a loW level 
(:0), the sWitching module 44 is set to the correction mode. 
The sWitching module 44 has an input/output terminal 130, 

to Which an LR sWitching signal is supplied from the control 
ler 46. If the LR sWitching signal is at a loW level (:0), the 
resonance characteristic of the left ear canal 62L of the lis 
tener 60 is measured. On the other hand, if the LR sWitching 
signal is at a high level (:1), the resonance characteristic of 
the right ear canal 62R of the listener 60 is measured. 
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The switching module 44 has input/output terminals 121 
and 122, too. To these input/output terminals 121 and 122, 
sound source signals output from the correcting module 70 
are input through the acoustic-signal controlling module 42. 
More precisely, the left-channel sound source signal is input 
to the left-channel input/output terminal 121, and the right 
channel sound source signal is input to the right-channel 
input/output terminal 122. In the measurement mode, the 
measuring signal output from the measuring-signal generat 
ing module 74 is input to one of the input/ output terminals 
121 and 122, and a control signal for switching the ?rst state 
to the second state, or vice versa, is input to the other of the 
input/output terminals 121 and 122. The signal that should be 
output from the controlling module 42 to the switching mod 
ule 44 is at such a level that the NAND circuits 110 and 112, 
both in the switching module 44, may recogniZe it as “l”. 

The switching module 44 has another input/output termi 
nal 120. This input/output terminal 120 is connected to the 
acoustic-signal controlling module 42, which in turn is con 
nected to the correction-value calculating module 80. The 
measuring signal (response signal) re?ected by the eardrum 
64L or 64R of the listener 60 is supplied from the input/ output 
terminal 120 to the correction-value calculating module 80. 

The switching module 44 has an earphone terminal 103, 
which electrically connects the earphones 20L and 20R to the 
switching module 44. The left-channel sound source signal 
and the right-channel sound source signal are output via the 
earphone terminal 103 to the left-channel earphone 20L and 
the right-channel earphone 20R, respectively. The response 
signal is input to the switching module 44 through the ear 
phone terminal 103. 

The switching module 44 has switches SW1 to SW4 and 
logic circuits 110 to 113. The switches SW1 to SW4 are 
changed over when the outputs of the logic circuits 110 to 113 
change in accordance with the levels of the mode switching 
signal and LR switching signal. As the switches SW1 to SW4 
are so changed over, one of the input/output terminals 120, 
121 and 122 is connected to the earphone terminal 103. The 
switches SW1 and SW2 are provided to change the earphone 
function (?rst state) to the microphone function (second 
state), or vice versa. More precisely, the switch SW1 switches 
the function of the left-channel earphone 20L, and the switch 
SW2 switches the function of the right-channel earphone 
20R. The switch SW3 connects the earphone terminal 103 or 
the microphone terminal 1 02 to the input/ output terminal 120. 
The switch SW4 connects the right channel or the left channel 
to the input/output terminal 120. 

The signal input to the input/ output terminal 130 is inverted 
and input to the NAND circuit 110. The signal input to the 
input/output terminal 122 is input to the NAND circuit 110, 
too. The signal output from the NAND circuit 110 and the 
signal input to the input/ output terminal 131 are input to the 
AND circuit 111. The signal output from the AND circuit 111 
is supplied to the switch SW1. The switch SW1 is changed 
over to the (0) side or the (1) side in accordance with the level 
(0 or 1) of the signal output from the AND circuit 111. 
The signal input to the input/ output terminal 130 and the 

signal input to the input/ output terminal 121 are input to the 
NAND circuit 112. The signal output from the NAND circuit 
112 and the signal input to the input/ output terminal 131 are 
input to the AND circuit 113. The signal output from the AND 
circuit 113 is supplied to the switch SW2. The switch SW2 is 
changed over to the (0) side or the (1) side, in accordance with 
the level (0 or 1) of the signal output from the AND circuit 
113. 
The switch SW3 is changed over to the (0) side or the (1) 

side, in accordance with the level (0 or 1) of the mode switch 
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6 
ing signal supplied from the input/output terminal 131. The 
switch SW4 is changed over to the (0) side or the (1) side, in 
accordance with the level (0 or 1) of the mode switching 
signal supplied from the input/output terminal 130. 

If the signal supplied from the AND circuit 111 is 0, the 
switch SW1 is changed over to the (0) side, connecting the 
input/output terminal 121 to the left channel of the earphone 
terminal 103. The left channel of the switching module 44 is 
therefore set to the ?rst state, whereby the earphone 20L 
performs the earphone function. 

If the AND circuit 113 outputs 0, the switch SW2 is 
changed over to the (0) side, connecting the input terminal 
122 to the left channel of the earphone terminal 103. The right 
channel of the switching module 44 is therefore set to the ?rst 
state, whereby the earphone 20R performs the earphone func 
tion. 
On the other hand, if the switch SW1, the switch SW4 and 

the switch SW3 are changed over to the (1) side, the (0) side 
and the (1) side, respectively, the input/ output terminal 120 is 
connected to the left channel of the earphone terminal 103. In 
this case, the left channel is set to the second state, and the 
earphone 20L functions as a microphone. 

If the switch SW2, the switch SW4 and the switch SW3 are 
changed over to the (1) state, the input/ output terminal 120 is 
connected to the right channel of the earphone terminal 103. 
In this case, the right channel is set to the second state and the 
earphone 20R functions as a microphone. 

If the mode switching signal supplied from the input/out 
put terminal 131 to the switch SW3 is 0 (at a low level, 
designating the correction mode), the switch SW3 is changed 
over to the (0) side. The microphone terminal 102 is therefore 
connected to the input/output terminal 120, and the acoustic 
signal from a microphone (not shown) is input to the acoustic 
signal controlling module 42. Thus, the input/ output terminal 
120 is connected to a measurement-related circuit in the mea 
surement mode only. This can prevent any negative in?uence 
on the measurement-related circuit while the module 40 
remains in a non-measurement mode. 

FIG. 4 is an exemplary timing chart explaining how the 
acoustic transmission characteristic is measured. 

If the switching signal supplied from the controller 46 has 
a value of l, the switching module 44 is set to the measure 
ment mode. Therefore, 1 is output from the input/ output 
terminal 131 to the AND circuits 111 and 113.As a result, the 
output of the AND circuit 111 changes in accordance with the 
signal supplied from the NAND circuit 110, and the output of 
the AND circuit 113 changes in accordance with the signal 
supplied from the NAND circuit 112. From the input/ output 
terminal 131, l is output to the switch SW3. The switch SW3 
is changed over to the (1) side. 

Based on the value of the LR switching signal supplied 
from the controller 46, it is determined whether the resonance 
characteristic of the left ear or that of the right ear should be 
measured. As shown in FIG. 4, the resonance characteristic of 
the left ear will be measured if the LR switching signal has a 
value of 0. In this case, the input/output terminal 130 outputs 
0 to the switch SW4. The switch SW4 is therefore changed 
over to the (0) side. 
The signal coming from the input/output terminal 130 is 

inverted and input to the NAND circuit 110. Hence, 1 is input 
to the NAND circuit 110 if the LR switching signal is 0 (to 
measure the characteristic of the left ear). The output of the 
NAND circuit 110 therefore changes in accordance with the 
sound source signal of the right channel, which has been input 
via the input/output terminal 122. If the NAND circuit 110 
detects the output signal from the input/output terminal 122 
as a signal having a value of l, the signal output from the 
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NAND circuit 110 to the AND circuit 111 is 0. Therefore, the 
output signal of the AND circuit 111 is therefore 0, and the 
sWitch SW1 is changed over to the (0) side. The sWitch SW1 
therefore connects the left channel of the earphone terminal 
103 to the input/output terminal 121. That is, the left channel 
is set to the ?rst state. The earphone 20L can therefore per 
form the earphone function. 
NoW that 0 is input from the input/output terminal 130 to 

the NAND circuit 112, the NAND circuit 112 outputs 1 to the 
AND circuit 113. The output signal of the AND circuit 113 
therefore changes to l. The sWitch SW2 is thereby changed 
over to the (1) side. The right channel of the earphone termi 
nal 103 is not connected to the input/ output terminal 122. As 
a result, the earphone 20R comes into a no signal state. Thus, 
the output signal coming from the input/ output terminal 122 
is prevented from being output, as a large-volume acoustic 
signal, to the right-channel earphone 20R. 
As described above, the left channel is set to the ?rst state, 

causing the earphone 20L to function as an earphone. Then, 
the measuring signal generated by the measuring-signal gen 
erating module 74 is input to the input/output terminal 121. 
The measuring signal is output via the sWitch SW1 to the left 
channel of the earphone terminal 103. From the earphone 
terminal 103, the measuring signal is supplied to the earphone 
20L and converted to an acoustic signal. The acoustic signal 
is applied to the left ear canal 62L of the listener. 
As shoWn in FIG. 4, the measuring-signal generating mod 

ule 74 generates a right-channel sound source signal at such a 
level that the NAND circuit 110 may detect it as 0, after 
applying the short-pulse of the left channel. The right-channel 
sound source signal, thus generated, is input via the acoustic 
signal controlling module 42 to the input/ output terminal 122. 
The signal output from the NAND circuit 110 to the AND 
circuit 111 therefore changes to 1 .As a result, the AND circuit 
111 outputs 1 to the sWitch SW1. The sWitch SW1 is thereby 
changed over to the (1) side, Whereby the left channel of the 
earphone terminal 103 is connected to the input/ output ter 
minal 120 by the sWitches SW1, SW4 and SW3. Thus, the left 
channel is set to the second state, causing the earphone 20L to 
function as a microphone. The earphone 20L converts the 
response signal re?ected from the eardrum 64L into an elec 
tric signal. The electric signal is sent to the correction-value 
calculating module 80. The correction-value calculating 
module 80 detects the resonance characteristic of the left ear 
on the basis of the response signal. 

The timing of sWitching the ?rst state (i.e., earphone func 
tion) to the second state (i.e., microphone function) must be 
correctly controlled in order to receive the response signal. In 
this embodiment, the level of the right channel signal input to 
the input/output terminal 122 is changed from 1 to 0, thereby 
performing sWitching betWeen the ?rst state and the second 
state. That is, the left channel signal is used as a measuring 
signal for measuring the resonance characteristic of the left 
ear, Whereas the right channel signal is used as a control signal 
for accomplishing the sWitching betWeen the ?rst state and 
the second state. The timing control can be performed With 
high accuracy because the electric signal output from the 
correcting module 70 is synchroniZed With respect to the left 
and right channels. 
As seen from the timing chart of FIG. 4, the level of the 

right channel signal input via the input/ output terminal 122 is 
changed back to 1, thereby acquiring again the resonance 
characteristic of the left ear. Nonetheless, the resonance char 
acteristic may be acquired only once. Alternatively, the reso 
nance characteristic may be acquired three times or more for 
achieving higher accuracy. 
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As shoWn in FIG. 4, the characteristic of the right ear is 

measured after the characteristic of the left ear has been 
measured. Therefore, the value of the LR sWitching signal 
supplied from the control unit changes to l in order to mea 
sure the resonance characteristic of the right ear. At this point, 
1 is input from the input/output terminal 130 to the sWitch 
SW4. The sWitch SW4 is therefore changed over to the (1) 
side. 

If the value of the LR sWitching signal is l (to measure the 
characteristic of the right ear), 1 is input from the input/ output 
terminal 130 to the NAND circuit 112. The output of the 
NAND circuit 112 changes in accordance With the left-chan 
nel sound source signal input via the input/output terminal 
121. If the NAND circuit 112 detects the signal output from 
the input/output terminal 121 as having the value of l, the 
signal output from the NAND circuit 112 to the AND circuit 
113 is 0. As a result, the output signal of the AND circuit 113 
is 0. The sWitch SW2 is therefore changed over to the (0) side. 
The right channel of the earphone terminal 103 is connected 
by the sWitch SW2 to the input/output terminal 122. That is, 
the right channel is set to the ?rst state, and the earphone 20R 
performs the earphone function. 

Since the signal coming from the input/ output terminal 130 
is ?rst inverted and then input to the NAND circuit 110, 0 is 
input to the NAND circuit 1 10 if the value of the LR sWitching 
signal is 1. Hence, the output signal of the AND circuit 111 
becomes 1. The sWitch SW1 is therefore changed over to the 
(1) side, and the left channel of the earphone terminal 103 is 
not connected to the input/ output terminal 121 . As a result, the 
earphone 20L comes into a no signal state. 

If the right channel is set to the ?rst state, Whereby the 
earphone 20R performs the earphone function, the measuring 
signal generated by the measuring-signal generating module 
74 is input to the input/output terminal 122 and output via the 
sWitch SW2 to the right channel of the earphone terminal 103. 
The measuring signal is supplied from the earphone terminal 
103 to the earphone 20R. The earphone 20R converts the 
measuring signal to an acoustic signal. The acoustic signal is 
applied to the right ear canal 62R of the listener 60. 
As shoWn in FIG. 4, the measuring-signal generating mod 

ule 74 generates a left-channel sound source signal of such a 
level that the NAND circuit 112 can detect it as 0, after the 
short-pulse signal for the right channel has been applied. The 
left-channel sound source signal, thus generated, is input via 
the acoustic signal controlling module 42 to the input/ output 
terminal 121. Then, the signal output from the NAND circuit 
112 to the AND circuit 113 becomes 1, and the AND circuit 
113 outputs 1 to the sWitch SW2. The sWitch SW2 is thereby 
changed over to the (1) side. The right channel of the ear 
phone terminal 103 is therefore connected, by the sWitches 
SW2, SW4 and SW3 to the input/output terminal 120. That is, 
the right channel is set to the second state, and the earphone 
20R starts functioning as a microphone. The earphone 20R 
converts the response signal re?ected by the eardrum 64R to 
an electric signal. The electric signal is input from the ear 
phone terminal 103 via the sWitches SW2, SW4 and SW3 to 
the acoustic signal controlling module 42. The response sig 
nal input to the acoustic signal controlling module 42 is 
supplied to the correction-value calculating module 80. The 
correction-value calculating module 80 detects the resonance 
characteristic of the right ear on the basis of the response 
signal. 
As described above, in the present embodiment, the level of 

the left-channel sound source signal, Which is input to the 
input/output terminal 121, is sWitched from 1 to 0, thereby 
sWitching the state, from the ?rst state to the second state, or 
vice versa, in order to measure the resonance characteristic of 
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the right ear. Thus, the right-channel signal is used as a mea 
suring signal for measuring the resonance characteristic of 
the right ear, and the left-channel signal is used as a control 
signal for sWitching the state, from the ?rst state to the second 
state, or vice versa. 

As shoWn in the timing chart of FIG. 4, the level of the 
left-channel signal to input via the input/ output terminal 121 
is changed to 1 again, thereby acquiring the resonance char 
acteristic of the right ear once again. Nonetheless, the reso 
nance characteristic may be acquired only once. Alterna 
tively, the resonance characteristic may be acquired three 
times or more for achieving higher accuracy. 

After the resonance characteristics of both ears have been 
acquired, the value of the mode sWitching signal is set to 0. 
The measuring is thereby terminated. When 0 is input to the 
input/output terminal 131, the acoustic signal controlling 
module 42 and the sWitching module 44 are set to the correc 
tion mode. Since the AND circuits 111 and 113 output 0, both 
the sWitch SW1 and the sWitch SW2 are changed over to the 
(0) side. As a result, the input/output terminal 121 to Which 
the left-channel sound source signal is input is connected by 
the sWitch SW1 to the left channel of the earphone terminal 
103, Whereas the input/ output terminal 122 to Which the 
right-channel sound source is input is connected by the sWitch 
SW2 to the right channel of the earphone terminal 103. That 
is, both the left channel and the right channel are set to the ?rst 
state, and the earphones 20R and 20L perform the earphone 
function. The sWitch SW3 is changed over to the (0) side, 
connecting the microphone terminal 102 to the output termi 
nal 120. 

In the case shoWn in the timing chart of FIG. 4, the reso 
nance characteristic of the left ear is ?rst measured tWice, and 
the resonance characteristic of the right ear is then measured 
tWice. Nevertheless, it does not matter Which ear, the left or 
the right, is ?rst subjected to the resonance characteristic 
measurement. Further, the resonance characteristic of the left 
ear and that of the right ear may be measured independently of 
each other. 

If the earphone is used as a microphone, its sensitivity to 
sound is loW. Inevitably, the response signal may have so loW 
a level that noise is mixed in some cases. To measure the 
resonance characteristics of the ears, the ?rst state and the 
second state may be sWitched to one the other several times, 
to acquire the resonance characteristics several times. In this 
case, the average value of the resultant response signals is 
obtained, successfully measuring accurate resonance charac 
teristics of either ear, free of the in?uence of noise. 

FIG. 5 is a ?owchart explaining the operation of the con 
troller 46. 

The characteristics of both ear canals may be measured and 
corrected When the listener uses the earphone 20R and 20L 
for the ?rst time, or every time the listener uses the earphone 
20R and 20L. Alternatively, they may be measured in accor 
dance With the instruction of the listener 60. Further, When the 
characteristics of the ear canals should be measured and cor 
rected may be preset. 
When the measurement of the characteristics of the ear 

canals is started, the controller 46 determines Whether the 
characteristics measured need to be corrected (Block B102). 

If the correction ?lter 72 has already been adapted to the ear 
canal characteristics of the listener 60, the ear canal charac 
teristics need not be measured or corrected (No in Block 
B102). In this case, the controller 46 supplies a mode sWitch 
ing signal of a loW level (:0) to the sWitching module 44. The 
sWitching module 44 is thereby set to the correction mode 
(Block B103). Then, the process is terminated. 
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10 
To measure and correct the ear canal characteristics (Yes in 

Block B102), the controller 46 supplies a mode sWitching 
signal of a high level (:1) to the sWitching module 44 (Block 
B104). 

Then, the controller 46 determines Whether the resonance 
characteristic of the left ear canal 62L should be measured 
(Block B106). Whether the characteristic of the left ear canal 
and that of the right ear canal should be ?rst measured and 
corrected continuously or independently can be set before 
hand. Whether Which characteristic, that of the left ear canal 
or that of the right ear canal should be ?rst measured and 
corrected can be set beforehand, too. Alternatively, these 
items may be set by the listener 60 at this point. In accordance 
With any item set, the controller 46 makes the decision in 
Block B106. 

If the controller 46 determines that the resonance charac 
teristic of the left ear canal 62L should be measured (Yes in 
Block B106), it supplies an LR sWitching signal of a loW level 
(:0) to the sWitching module 44 so that the characteristic of 
the left ear may be measured (Block B110). 
Once the mode of measuring the left ear characteristic has 

been set, the measuring-signal generating module 74 gener 
ates a short-pulse measuring signal for the left channel and a 
function-switching control signal for the left channel, under 
the control of the controller 46 (Block B114). As shoWn in 
FIG. 4, the measuring-signal generating module 74 generates 
a control signal of a high level in the right channel, setting the 
left channel to the ?rst state. The measuring- signal generating 
module 74 then generates a measuring signal for the left 
channel and a control signal of a loW level in the right channel, 
thereby setting the left channel to the second state. These 
signals are output via the acoustic signal controlling module 
42 to the input/output terminals 121 and 122 of the sWitching 
module 44. 
When a signal of a high level (:1) is input to the input/ 

output terminal 122 of the right channel, the input/output 
terminal 121 of the left channel is connected to the left chan 
nel of the sWitching module 44 in the sWitching module 44. 
That is, the earphone 20L is set to the ?rst state and starts 
functioning as an earphone. 

In this condition, the measuring signal generated by the 
measuring-signal generating module 74 is output to the left 
channel of the sWitching module 44. The earphone 20L con 
verts the measuring signal to an acoustic signal, Which is 
output to the left ear canal 62L. 
When the right-channel signal input to the input/output 

terminal 122 changes to a loW level (:0), the left channel is set 
to the second state. In the sWitching module 44, the input/ 
output terminal 120 is connected to the left channel of the 
earphone terminal 103. The function of the earphone 20L is 
sWitched to the microphone function. The earphone 20L thus 
converts the measuring signal (response signal) re?ected by 
the left eardrum 64L of the listener 60 to an electric signal. 
The electric signal is input to the sWitching module 44. 
The response signal is output from the input/output termi 

nal 120 via the acoustic signal controlling module 42 to the 
correction-value calculating module 80 (Block B118). 
On the other hand, to measure the characteristic of the right 

ear canal 62R (No in Block B106), the controller 46 supplies 
an LR sWitching signal of a high level (:1) to the sWitching 
module 44, setting the measurement of the right ear charac 
teristic (Block B120). 
When the measurement of the right ear characteristic is set, 

the measuring-signal generating module 74 generates a short 
pulse measuring signal for the right channel and a function 
sWitching control signal for the left channel, under the control 
of the controller 46 (Block B124). As shoWn in FIG. 4, the 
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measuring-signal generating module 74 generates a control 
signal of a high level in the left channel, setting the right 
channel to the ?rst state. The measuring-signal generating 
module 74 then generates a measuring signal for the right 
channel and a control signal of a loW level in the left channel, 
thereby setting the left channel to the second state. These 
signals are output via the acoustic signal controlling module 
42 to the input/output terminals 121 and 122 of the sWitching 
module 44. 
When a signal of a high level (:1) is input to the input/ 

output terminal 121 of the left channel, the input/ output ter 
minal 122 of the right channel is connected to the right chan 
nel of the earphone terminal 103 in the sWitching module 44. 
That is, the earphone 20R is set to the ?rst state and starts 
functioning as earphone. 

In this condition, the measuring signal generated by the 
measuring-signal generating module 74 is output to the right 
channel of the sWitching module 44. The earphone 20R con 
verts this measuring signal to an acoustic signal, Which is 
output to the right ear canal 62R. 
When the left-channel signal input to the input/ output ter 

minal 121 changes to a loW level (:0), the right channel is set 
to the second state. In the sWitching module 44, the input/ 
output terminal 120 is connected to the right channel of the 
earphone terminal 103. The function of the earphone 20R is 
sWitched to the microphone function. The earphone 20R thus 
converts the measuring signal (response signal) re?ected by 
the right eardrum 64R of the listener 60 to an electric signal. 
The electric signal is input to the sWitching module 44. 

The response signal is output from the input/ output termi 
nal 120 via the acoustic signal controlling module 42 to the 
correction-value calculating module 80 (Block B128). 
When the response signal from the right or left ear canal is 

input to the correction-value calculating module 80, the char 
acteristic acquiring module 82 acquires the resonance char 
acteristic of the ear canal from the response signal (Block 
B130). The correction coe?icient calculating module 84 ?rst 
converts the ear canal resonance characteristic acquired, from 
a time domain to a frequency domain, then detects the peak of 
resonance on the frequency axis, and ?nally calculates a 
coe?icient of the correction ?lter 72 to form a dip at the peak 
frequency in order to cancel the peak (Block B132). The 
correction coe?icient calculated is set in the correction ?lter 

72 (Block B134). 
Thereafter, the controller 46 determines Whether all reso 

nance characteristics required have been measured or not 
(Block B136). For example, the resonance characteristics of 
both ears may not be measured several times, though they 
should be so measured, or the resonance characteristic of only 
one ear is measured, though those of both ears should be 
continuously measured. In this case, the decision Will be 
“No.” If No is decided in Block B136, the process returns to 
Block B103. In Block B103, the measurement is repeated as 
required. 
When measurement of the resonance characteristics is 

completed (that is, Yes in Block B136), the controller 46 
supplies a mode sWitching signal of a loW level (:0) to the 
sWitching module 44, setting the sWitching module 44 to the 
correction mode (Block B103). The process is then termi 
nated. 

In the correction mode, the sound source signal input to the 
correcting module 70 is corrected by the correction ?lter 72. 
The correction ?lter 72 decreases the resonance frequency 
gain of the sound source signal in accordance With the mea 
surement result, thereby correcting the frequency character 
istic. The sound source signal that has undergone the ?ltering 
process of the correction ?lter 72 is supplied to the sWitching 
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12 
module 44. At this point, both the left channel and the right 
channel are set to the ?rst state (i.e., earphone function). 
Hence, the sound source signal noW corrected in resonance 
characteristic is applied to the right ear canal 62R and the left 
ear canal 62L via the earphones 62R and 62L, respectively. 

In the present embodiment, a ?lter is thus provided, Which 
performs ?ltering on the left sound source signal and the right 
sound source signal, cancelling the resonance peaks actually 
measured in the ear canal of each listener. This prevents the 
listener from hearing unnatural sound even if resonance 
occurs in the ear canal. In addition, the earphones are neither 
large nor complex in structure, because they incorporate no 
microphones. 

In the acoustic characteristic correcting apparatus 
described above, the level of the mode sWitching signal is 
changed before the sWitching signal is supplied from the 
controller 46 to the sWitching module 44, thereby sWitching 
the operating mode, betWeen the measurement mode and the 
correction mode. The timing of sWitching the measurement 
for the left channel or the right channel can be controlled 
using a softWare control signal, because this timing need not 
be so strict. 

On the other hand, the earphone function (?rst state) and 
the microphone function (second state) should be sWitched, 
from one to the other, at a more strict timing. Therefore, these 
functions are sWitched, one to the other, by utiliZing the 
synchronization betWeen the left channel and the right chan 
nel. 

The above description has been made for the earphone 
having tWo channels, i.e., left channel and right channel. This 
invention may be applied to earphones having three or more 
channels, nevertheless. In this case, one channel is used for 
the measuring signal, While any one of the other channels is 
used for the control signal that sWitches the channel for the 
measuring signal betWeen the ?rst state (earphone function) 
and the second state (microphone function), as has been 
described above. Alternatively, some channels may be used 
for measuring signals, While any one of the other channels 
may be used for the control signal that sWitches the channel 
for the measuring signal betWeen the ?rst state (earphone 
function) and the second state (microphone function), so that 
measurement can be achieved for a plurality of channels at the 
same time. As a further alternative, even if three or more 
channels are available and tWo or more channels of these are 

associated With one ear, the other channels can be used for the 
control signal. 
As described above, the controller 46 uses the signal output 

from the measuring-signal generating module 74, changing 
over the control signal in order to sWitch the ?rst state to the 
second state, or vice versa. Instead, the left-channel sound 
source signal and the right-channel sound source signal, both 
output from the correcting module 70, may be used to sWitch 
the ?rst state to the second state, or vice versa. 

FIG. 6 shoWs an exemplary use of the acoustic character 
istic correcting module 40. The acoustic characteristic cor 
recting module 40 may be incorporated in an audio player 90. 
In this case, the module 40 may be incorporated not in the 
main unit of the player 90, but in a remote controller 92 or an 
earphone 94. Further, the module 40 need not be incorpo 
rated, in its entirety, in the audio player 90. Rather, only the 
correction ?lter 72 may be incorporated in the audio player 
90. That is, the audio player 90 may use the correction ?lter 72 
to correct sound source signals read from a ?ash memory, a 
hard disk or the like (not shoWn), Whereas a PC, for example, 
may generate measuring signals, measure the resonance char 
acteristics and calculate a correction coef?cient. 
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FIG. 7 shows an exemplary operation menu displayed on 
the screen of the display 91 of the audio player 90, prompting 
the listener to determine Whether resonance characteristics 
should be measured. The menu may be displayed every time 
the earphone 94 is connected to the audio player 90. Alterna 
tively, the menu may be displayed at regular intervals, for 
example every Week or every month. 

The menu shoWn in FIG. 7 presents various choices. The 
listener may select one option to measure the characteristics 
of both ears, another option to measure the characteristic of 
one ear only, or a further option to start measuring the char 
acteristic upon the lapse of the time the listener has desig 
nated. The menu may not be displayed by the display 91 of the 
audio player 90, but by a display on the remote controller 92. 
If the audio player 90 is connected to a PC, the menu may be 
displayed on the display of the CP. 
As has been described, in this embodiment, the measuring 

signal is supplied via the sWitching module 44 to the earphone 
20L or 20R, the response signal re?ected by the eardrum 64L 
or 64R is converted to an electric signal by the earphone 20L 
or 20R, and the electric signal is supplied via the sWitching 
module 44 to the correction-value calculating module 80. The 
left and right channels are set to the ?rst state in order to 
output a measuring signal, and set to the second state in order 
to receive a response signal. The control signal that controls 
the sWitching of the state, betWeen the ?rst state and the 
second state, is transmitted using the channel that is not 
related to the transmission of the measuring signal. Since the 
left channel and the right channel are synchronized With each 
other, the sWitch timing is suf?ciently accurate. Hence, a 
simple con?guration can control the output of signals and the 
acquisition of the response signal, at a timing more accurate 
than otherWise. 

Moreover, the resonance frequency of the ear canal 62L or 
62R is acquired on the basis of the response signal received. 
Such a correction coef?cient as Will cancel this resonance 
frequency is calculated for the correction ?lter 72 and set in 
the correction ?lter 72. The resonance in the ear canal of the 
listener can therefore be cancelled With a simple con?gura 
tion, Without a microphone arranged near the earphones. Fur 
ther, the characteristics of the resonance in the earphones and 
at the eardrums are acquired ?rst for the listener and a cor 
rection ?lter ?t for the characteristics is then formed. The 
resonance characteristics of the ear canal can therefore be 
cancelled, Which differ in accordance With the ear canal char 
acteristics inherent to the listener and the state in Which the 
earphones are inserted in the ear canal. Since the character 
istics of both the left ear and the right ear are acquired and a 
correction ?lter ?t for these characters is formed, the reso 
nance characteristic of the left ear and those of the right ear, 
Which differ from each other, can be cancelled. 

The above description is based on the assumption that tWo 
microphones are provided in the left and right earphones, 
respectively, and acquire the characteristic of the left ear and 
that of the right ear, respectively. Nonetheless, the character 
istic of one ear only may be acquired, and the sound source 
signals from both ears may be ?ltered With a correction ?lter 
designed on the basis of the characteristic of one ear. 

The resonance characteristic of either ear may change in 
accordance With the position of the earphone inserted in the 
ear canal. In vieW of this, the acoustic characteristic correct 
ing module 40 may measure and correct the acoustic charac 
teristics, for example every time the audio player 90 is acti 
vated or every time the user instructs. Alternatively, the 
acoustic characteristics may be measured and corrected When 
the module 40 is activated upon the lapse of a time the user has 
set. 
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While certain embodiments of the inventions have been 

described, these embodiments have been presented by Way of 
example only, and are not intended to limit the scope of the 
inventions. Indeed, the novel methods and systems described 
herein may be embodied in a variety of other forms; further 
more, various omissions, substitutions and changes in the 
form of the methods and systems described herein may be 
made Without departing from the spirit of the inventions. The 
various modules of the systems described herein can be 
implemented as softWare applications, hardWare and/or soft 
Ware modules, or components on one or more computers, 

such as servers. While the various modules are illustrated 

separately, they may share some or all of the same underlying 
logic or code. The accompanying claims and their equivalents 
are intended to cover such forms or modi?cations as Would 

fall Within the scope and spirit of the inventions. 

What is claimed is: 
1. An acoustic apparatus comprising: 
a signal generation module con?gured to generate a mea 

suring electric signal for measuring an acoustic charac 
teristic of one of a right ear canal and a left ear canal and 
to generate a sound source electric signal for the other of 
the right ear canal and the left ear canal after a predeter 
mined period of time; 

a transducer module comprising ?rst and second electro 
acoustic transducers that are attached to the right ear 
canal and the left ear canal and having a ?rst operation 
mode of converting an electric signal to an acoustic 
signal and a second operation mode of converting an 
acoustic signal to an electric signal; and 

a sWitch module connected betWeen the signal generation 
module and the transducer module, con?gured to set the 
one of the ?rst and the second electro-acoustic transduc 
ers, attached to the one of the right ear canal and the left 
ear canal, to the ?rst operation mode, to supply the 
measuring electric signal to the one of the ?rst and the 
second electro-acoustic transducers, and to sWitch the 
operation mode of the one of the ?rst and the second 
electro-acoustic transducers to the second operation 
mode in accordance With a change in level of the sound 
source electric signal, Wherein 

the one of the ?rst and the second electro-acoustic trans 
ducers is con?gured to convert the measuring electric 
signal to a measuring acoustic signal in order to output 
the measuring acoustic signal to the one of the right ear 
canal and the left ear canal and to convert a response 
acoustic signal, Which is supplied from the one of the 
right ear canal and the left ear canal and responds to the 
measuring acoustic signal, to a response electric signal. 

2. The apparatus of claim 1, further comprising a charac 
teristic acquisition module con?gured to acquire an acoustic 
characteristic of the one of the right ear canal and the left ear 
canal from the response electric signal. 

3. The apparatus of claim 1, Wherein the ?rst and the 
second electro-acoustic transducers comprise an earphone or 
a headphone. 

4. The apparatus of claim 1, Wherein the sWitch module is 
con?gured to sWitch the operation mode of the one of the ?rst 
and the second electro-acoustic transducers to the second 
operation mode, and then to ?x the operation modes of the 
?rst and the second electro-acoustic transducers to the ?rst 
mode. 

5. The apparatus of claim 1, Wherein the sWitch module 
comprises a function of preventing the sound source electric 
signal for the other of the right ear canal and the left ear canal 
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from being supplied to the one of the ?rst and the second 
electro-acoustic transducers attached to the right ear canal 
and the left ear canal. 

6. A method of controlling an acoustic apparatus compris 
ing a signal generation module con?gured to generate a mea 
suring electric signal for measuring an acoustic characteristic 
of one of a right ear canal and a left ear canal and to generate 
a sound source electric signal for the other of the right ear 
canal and the left ear canal after a predetermined period of 
time; and a transducer module comprising ?rst and second 
electro-acoustic transducers that are attached to the right ear 
canal and the left ear canal and having a ?rst operation mode 
of converting an electric signal to an acoustic signal and a 
second operation mode of converting an acoustic signal to an 
electric signal, the method comprising: 

setting the one of the ?rst and the second electro-acoustic 
transducers, attached to the one of the right ear canal and 
the left ear canal, to the ?rst operation mode; 

supplying the measuring electric signal to the one of the 
?rst and the second electro-acoustic transducers; 

sWitching the operation mode of the one of the ?rst and the 
second electro-acoustic transducers to the second opera 
tion mode in accordance With a change in level of the 
sound source electric signal, Wherein 
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the one of the ?rst and the second electro-acoustic trans 

ducers is con?gured to convert the measuring electric 
signal to a measuring acoustic signal in order to output 
the measuring acoustic signal to the one of the right ear 
canal and the left ear canal and to convert a response 
acoustic signal, Which is supplied from the one of the 
right ear canal and the left ear canal and responds to the 
measuring acoustic signal, to a response electric signal. 

7. The method of claim 6, further comprising acquiring an 
acoustic characteristic of the one of the right ear canal and the 
left ear canal from the response electric signal. 

8. The method of claim 6, further comprising sWitching the 
operation mode of the one of the ?rst and the second electro 
acoustic transducers to the second operation mode, and then 
?xing the operation modes of the ?rst and the second electro 
acoustic transducers to the ?rst mode. 

9. The method of claim 6, further comprising preventing 
the sound source electric signal for the other of the right ear 
canal and the left ear canal from being supplied to the one of 
the ?rst and the second electro-acoustic transducers attached 
to the right ear canal and the left ear canal. 


